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Abstract: In the framework of sustainable development, redpanergy consumption and increasing

energy efficiency are prime targets. Reducing tlaehime tools’ operating power consumption fits into

this context. In what presses are concerned, thiity increment results in the decrement of the C-
frame’s elastic deformation and thus the energysoamption is reduced. This paper presents, in sum-
mary, some constructive solutions developed battieors concerning the rigidity increment of casted

C-frames, and some results of their behavior olediby FEA.
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1. INTRODUCTION « significantly reducing the distance between th wayk

surface of the table and spindle bore axis.

In a first stage of the research, preliminary, dsh
been developed a 3D model of PAI 25 press, Fig. 1,

Qhich is almost similar to the real model. For thigas
used the ProEngineer Wildfire 4 [11] software.

To study the stress and strain state that chaizaeser
the frame of the press PAI 25, there have beenigedv
constraints and external forces, Fig. 2, exactlynathe

re_real case. The stress of the frame is equal withimeal
force,Fy = 250 kN.

Crank mechanical presses are machine-tools com-
monly used in industry.

Energetic consumption of operating presses ocairs
a result of frequent elastic deformation of thastasce
structure, depending therefore on the stiffnesthefma-
chine's frame [5 and 10]. Moreover, the sustaiiitgblf
the tools and the quality of the processing areifagnt-
ly influenced by the rigidity of the frame [8].

Given the useful life of mechanical presses,
searches to the frame optimization, an essentiapoe
nent repeatedly subjected to considerable stresduby
justified.

Usually, increased stiffness is obtained as a trexul
increased consumption of material [7 and 10]. The
present paper explores an alternative solutioneasing
the stiffness by ribbing the sidewalls of the frame

Are envisaged, with priority, to increase stiffnessl
to reduce stress, achieving even higher cost, smren
total costs — production and exploitation — miniaaiz

2. STUDY DIRECTIONS

There are a variety of types and constructive snist
for mechanical presses frames. Since the studytabeu
increase of its stiffness cannot be complete, & Ibeen
considered the frame of a mechanical crank pres2BA
as the reference design solution. This press &ively
common in Romania, of good quality and with verpdo
operating results.

In order to increase the stiffness and reduce dessi
in the cast C-frame of mechanical presses, threse-di
tions have been considered:
 the ribbing of the sidewalls of the frame;

e pretension the frame;
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In order to emphasize, virtually, the stress amdirst  3.2. Frames with horizontal ribs

state of the 3D model of the press PAI 25 frameyas A ribbed frame first solution considered was a hori
meshed with tetrahedron type elements [6]. It tesul zontal ribbed one, Fig. 5.
37,733 nodes and 19,091 elements. A relevant gidtur Alternatively, models of frames with horizontal sjb
shown in Fig. 3. not equidistant, have been also developed, Fig. 6.
3. CONSTRUCTIVE SOLUTIONS FOR FRAMES 3.3. Frames with vertical ribs

WITH RIBBED SIDEWALLS Another group of developed ribbed frames were those

. . . with vertical ribs, Fig. 7.
In all constructive variants, worked on later ireth

study, there were identically kept the macro geoynet
the frame held as reference, constraints and etern
forces, as well as the meshing manner, for thelteesti
the stress and strain state, in order to be djrexim-
pared. Referring only to ribbed frames, which ardaict
the subject of this work, they keep intact the rengjeo-
metry of the reference frameto be noted here though
that ribs are added to the sidewalls.

3.1. Models’ ribbing

Keeping constant sidewalls’ thickness of framerehe
have been developed models with differently oriemiles,
equidistant in-between at 50, 75 and 100 mm. larihér
part of the study, which is not present in thisgrafi was
taken into account a variation in the thicknesstia#
frame’s sidewalls. The geometric characteristicsrib$
(g — frame wall thickness$,— distance of ribs arrangement,
h — height of ribsx — thickness of the rib&1 = 2 mm —
peak radius ribsR2 = 5 mm — base radius ribs,= 5° —
angle of inclination of the side walls of ribs) aegges-
tively reflected in Fig. 4.
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Fig. 3. Discretized model of a PAI 25 press frame.
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Fig. 4. Geometric characteristics of ribs. Fig. 7. A 3D frame model with vertical ribs.
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3.4. Frames with inclined ribs In developing these models it was used parametric
They have been developed to study the stress andesign, in order to make easily any change [11].
strain state and it has been taken into considerdtie
tilted arrangement of the sidewalls ribs, Fig. 8. 3.5. Frames with crossing ribs
The developed models have considered a change from Applying the combination technique, often used in
10 to 10 degrees of the ribs tilt. Models with(l {10°, the invention domain as a method of technical desig
20°, 3C°, 4C°, 5C°, 6(°, 70, 80} are tilted to the left, [1 and 9], different constructive solutions of poasly
meaning towards the front of the frame, and moudétis developed frames were combined with each other. The
o 0{100°, 110, 120, 130, 140, 150, 160, 170} are result was a whole family of frames with ribbedesid

tilted to the right, meaning to the rear of therfea and crossing ribs. _
In Figs. 9 and 10 are shown two frames with tilted ~ Very important for the research were the models wit
ribs, to the left and to the right, respectively. crossing ribs at an angle of 90°, equidistant aorizbn-

tally-vertically or tilted-tilted arranged at diffent an-
gles. Two such models are presented in Figs. 111and

Several models of frames have been developed, hav-
ing their walls ribbed with crossing ribs, but remjuidis-
tant, Fig. 13.

Fig. 11.3D frame model with crossing ribs, horizontal and
vertical, equidistant.

Fig. 10.3D frame model with right-tilted ribs. Fig. 12.3D frame model with crossing tilted ribs, equidist
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Fig. 13.3D frame model with crossing ribs, horizontal and
vertical, not equidistant.

3.6. Frames with curved ribs

After the study about stress distribution in thenie's
body, obvious, perhaps even desirable, becamedbe p
sibility of ribbing the sidewalls with curved ribsiot
equidistant and arranged along the isoclinic lioéshe
tension state. Such a constructive solution isgutesl in
Fig. 14.

All types of constructive solutions of frames with
ribbed walls, developed in order to obtain a framith
increased rigidity, can offer somebody the possjbtb
apply for a patent.

4. STRESS AND STRAIN STATE IN FRAMES
WITH RIBBED SIDEWALLS

At all models of ribbed frames it has been analyzec
the strain and stress state using the finite elémethod
[2 and 6].

In all cases, the stress manner and level wereudept
changed, as well as the mesh density of the mosigis,
ject which was already noted above.

4.1. Strain state in ribbed frames

The strain state of the studied frames reveals thei
bending backwards, something known in advance. In
Figs. 15, 16 and 17 it is shown the strain statetlioee
constructive solutions.

Fig. 14.3D frame model with curved ribs.
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Fig. 15.The strain state in a frame with horizontal ribs.
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Fig. 16.The strain state in a frame with vertical ribs.
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Fig. 17.The strain state in a frame with right-tilted ribs

It is no interest in whether the frame is deforned
any point of it [3 and 4]. The stored numerical ues
refer to the displacement in relation to the tglbn of
the main spindle bore axis. Some results on theroef-
tion of frames with horizontal and vertical ribsgiuding
the taking into consideration of different values Wvall
thickness, are shown in Fig. 18.
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Fig. 19. Deformations of frames with left-tilted ribs.
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Fig. 20. Deformations of frames with right-tilted ribs.
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Frames configuration

Fig. 18.Deformations of the frame, grouped also according
to walls’ thickness.

It appears that in all cases the best resultslaered
if the ribs are disposed vertically and spacedatnim.

In terms of frames with tilted ribs, two sets ofuks
of main spindle bore axis displacement are shown in
Figs. 19 and 20. It is to be seen also the valubefef-
erence model, the one without ribs.

It appears clear that the orientation of the ribsira
angle of 10°, whether to the left or right, leadgHe best
results in terms of frame rigidity.
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4.2. Stress state in ribbed frames

The stress state that manifests in the frames’ body
does not directly influence their stiffness and nére
therefore a primary objective of the study. Howevbe
study seeks to show that the manifested stress, gtia-
serves, by the new constructive solutions, thesststate
corresponding to the reference model, where prefeia. . ~oNCLUSIONS
is, naturally, to improve it.

Figs. 21 and 22 are presented as examples of stress Energetic consumption at presses exploitation @ccur
states occurring in the body of ribbed wall framegh as a result of frequent elastic deformation of rtésis-
tilted ribs. Maximum stress values occur, as inréfer-  tance structure, depending therefore on the stiffnef
ence model, in the connection areas between tHe tabthe machine's frame.
and front vertical pillars of the frames. Given the useful life of mechanical presses, re-

Two sets of maximum values of the tensions that masearches to the frame optimization, an essentiapoe
nifest themselves in frames with tilted ribs arewh in nent repeatedly subjected to considerable stresg$uby
Figs. 22 and 23. It appears, as a rule, a slightase of justified.
these values in comparison to the maximum strelse va Usually, increased stiffness is obtained as a tredul
at the reference frame. Additional hardening byinl increased consumption of material. The present rpape
the sidewalls determines, most likely, the mignatiof explores an alternative solution: increasing th#nsss
the stress state. by ribbing the sidewalls of the frame.

Fig. 21.Stress state at a frame with left-tilted ribs.
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Fig. 22.Stress state at a frame with right-tilted ribs.
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Fig. 22.Maximum stress values in frames with left-tiltéosr
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Fig. 23.Maximum stress values in frames with right-tiltéuk.

There are two operating directions to be considered
pretension the frame and significantly reduce ts&dce
between the working surface of the table and mgin-s
dle bore axis.

There have been shaped dozens of frame models
with vertical, horizontal, tilted, crossing and eed ribs.
Models with changed values of the sidewalls’ thiessn
were developed. All developed models preserve tae m
cro geometry of a reference model.
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Finite element analysis is frequently applied tadgt
the strain and stress state of some solids, oftenarage
or high complexity. Press frames fit perfectly intos
category.

When studying virtually, it is aimed to identifyah
constructive solution that provides to the frame biest
stress and strain state, including in relationh® tefer-
ence design solution.

In all versions with ribs there is a lower displamnt
of the main spindle bore axis to the frame’s tatilere-
fore an increase in stiffness.

Solutions with vertical ribs are clearly superiar t
those with horizontal ones, at least in terms bfngtss.
On the other hand, it appears clear that, at tamds
with tilted ribs, the arrangement at an angle of, 10
whether to the left or right, leads to the bestiltss

Analyzing the stress state in the frames with ribbe
walls, most often it is found that the increasesistance
of ribbed walls causes a ‘migration’ of tensionsthe
front pillars areas. Moreover, they are the most in
demand ones at the reference constructive solatgm

REFERENCES
(1]
(2]

V. Belous, Inventica(The Inventics), Edit. “Gh. Asachi”,

lasi, Romania, 1992.

B. Frederisson et alKinite Element Programs in Inte-

grated Software for Structure Mechanics and CADmM-

puter Aided Design, Vol. 13, 1981.

T.T. Haftka et al. Elements of Structural OptimisatipEFd

Edition, Kluver, 1990.

C. Ispas et alCercetiri teoreticesi experimentale privind

deformaiile elementelor de structtrdin ansamblul ma

inilor-unelte (Theoretical and Experimental Research Re-
garding Deformations of Structural Elements of Maeh

Tools), TCMM, Vol 10, Edit. Tehni; Bucharest, Roma-

nia, 1995.

C. Ispas, C. Mohora, C. Pam, M. Zapciu, G. Popoviciu,

A. Rusu-CasandraMasini-unelte. Elemente de structur

(Machine Tools. Structural Elements), Edit. TeliniBu-

harest, Romania, 1997.

Gh. Mogan,Analiza cu elemente finite Tn inginer{Einit

Element Analysis in Engineering), Edit. Univeigit

Transilvania Brgov, Romania, 2007.

G. Racz, O. BologaAnaliza stati@d a presei PAI 6 prin

metoda elementului fin{Static Analysis of PAIl 6 Press by

Finite Element Method), Acta Universitas CibinienSe-

ria Tehni&, Deformiri Plastice, Vol. XLIl, 1999, pp.

129-134.

G. Racz,Contribyii la optimizarea performaelor tehno-

logice ale unor elemente componente ale sistentettuno-

logic de prelucrare prin presare la re¢€ontributions to

Optimizing Technological Performance of Some Compo-

nents of the Technological System for ProcessinG bl

Pressing), PhD Thesis, ,Lucian Blaga” University Sif

biu, Romania, 2002.

T.D. Stinciulescu, V. Belous, |. Morarujratat de

creatologie (Creatology Treaty), Edit. “Performantica”,

_lasi, Romania, 1998.

[10] V. Takura, I. Tureac,Masini pentru preluctiri prin defor-
mare (Machines for Processing by Plastic Deformation),
Edit. Didactia si Pedagogig, Bucharest, Romania, 1984.

[11] #* Fundamentals of DesigriPro/ENGINEER Wildfire,

PTC (Parametric Technology Corporation).

(3]
(4]

(5]

(6]

(7]

(8]

(9]



